There are very few treatments in the world of critical care that have been shown to reduce mortality in well constructed randomized controlled trials. In fact, only therapeutic hypothermia after cardiac arrest, goal directed therapy for sepsis, low tidal volumes in ALI/ARDS, recombinant activated protein C in sepsis, and early tracheostomy in critically ill medical patients have substantial support in the literature [1][2] [3] [4] [5] [6] . Until recently, intensive glucose control was counted among this small group of therapeutic tools within the intensivist's arsenal.
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In 2001, the landmark van den Berghe single-center SICU trial [7] generated intense interest when it revealed a reduction in ICU mortality from 8% in the conventional group to 4.6% in the intensive insulin group (P = 0.005), using intensive insulin infusion targeted to a blood glucose of 80-110 mg/dl compared to conventional insulin infusion initiated for a blood glucose >215 mg/dl and targeted to 180-200 mg/dl. This study additionally demonstrated a 34% reduction in hospital mortality in the intensive insulin group (P = 0.01) as well as significant reductions in blood stream infections, acute renal failure, transfusion requirement, and critical illness polyneuropathy. The bulk of the mortality benefit in this study occurred in cardiothoracic patients who spent >5 days in the ICU.
The follow-up Leuven single-center trial of Medical ICU patients [8] was disappointing, as it demonstrated no difference in hospital mortality between the intensive insulin and conventional group. In fact, mortality among patients staying <3 days was actually higher in the intensive insulin group (56 vs. 42% in the conventional group, P = 0.05), though this effect lost when withdrawal of care patients were removed from analysis. In patients staying >3 days, mortality was 52.5% in the conventional group versus 43% in the intensive group (P = 0.009). Morbidity was reduced in the entire cohort including decreased acute renal failure, accelerated weaning from mechanical ventilation, and accelerated discharge from the ICU and hospital.
The NICE-SUGAR study [9] was the first completed multi-center mixed ICU population study to adequately address the issue of tight versus conventional glucose control and the effects of hypoglycemia. This study randomized 6,104 patients to intensive insulin therapy targeted to 91-108 vs. B180 mg/dl and found increased mortality (27.5%) in the intensive group compared to the conventional group (24.9%, P = 0.02) with a severe hypoglycemia rate (B40 mg/dl) of 6.8% in the intensive group and 0.5% in the control arm (P < 0.001).
Interest in very tight glucose control waned after publication of this well designed study, but the question still remains: are critically ill neurological patients different from the general mixed ICU population? On the one hand, hyperglycemia is very common in critically ill neurological patients and has been shown to predict poor outcome. In general, hyperglycemia is associated with poor outcomes among various critically ill populations, but has the highest adjusted odds ratios for mortality among cardiac and neurological patients [10] . Elevated admission glucose and prolonged hyperglycemia have been linked to worse outcomes in patients with ischemic stroke, intracerebral hemorrhage, subarachnoid hemorrhage, and traumatic brain injury [11] [12] [13] [14] [15] [16] [17] [18] . On the other hand, little is known regarding how well patients with acute brain injury tolerate hypoglycemia, a frequent side-effect of tight glucose control. Under normal conditions the ratio of brain to blood glucose is 0.6-0.7, similar to CSF to serum glucose ratios. This ratio may be as low as 0.2-0.4 in acute brain injury. Smaller reductions in serum glucose may lead to inadequate brain glucose supply in the context of acute brain injury [19] . Though microdialysis studies [20] in traumatic brain injury suggest that intensive insulin therapy compared to loose glucose control can lead to significant reductions in brain glucose with elevations in brain lactate/ pyruvate and glutamate (markers of cellular distress), there have been few randomized studies comparing intensive to conventional glucose control in a critically ill neurological population [19] .
In this month's issue of Neurocritical Care, Green et al. publish the results of a small randomized trial of intensive insulin therapy (IIT) targeted to 80-110 mg/dl compared to conventional glucose control targeted to <150 mg/dl in critically ill neurological patients [21] . This is one of the few randomized trials of glucose control to focus solely on critically ill neurological patients. Van den Berghe published a substudy of the SICU trial that included a small neurological cohort of 63 patients (roughly 4% of the 1,548 patients in the larger trial) [22] . In this study, there was no difference in 6 or 12 month outcome in the intensive compared to the conventional group, though the intensive therapy group made greater neurologic improvement between 6 and 12 months, had less critical illness polyneuropathy, fewer seizures and lower median ICP. GISK-UK [23] was a study of 899 stroke patients randomized to glucose-potassium-insulin infusion with a goal glucose of 72-126 mg/dl versus saline infusion for 24 h. This study, however, excluded critically ill neurological patients such as those with SAH, posterior circulation strokes, or coma. GIST-UK failed to demonstrate a difference in mortality or outcome at 90 days, but since the study was stopped for slow enrollment, it enrolled less than 50% of the projected 2,355 patients and was thus underpowered. Additionally, the mean glucose difference between the GIK and saline group was only 10 mg/dl, which may not be clinically significant and the 24 h of treatment may have not been long enough to illicit an outcome effect.
The Green et al. study [21] enrolled mechanically ventilated, neurologically critically ill patients (80% of whom had TBI, ICH, or SAH) expected to have an ICU length of stay of at least 3 days. Using these inclusion criteria, only 6% of screened patients were enrolled, which unfortunately leads to a rather small N of 81 and an overall underpowered study (to detect a 40% reduction in mortality 540 patients would need to be enrolled). Nonetheless, some important observations were made in this trial.
First, there was a trend towards higher mortality in the IIT group (36 vs. 25%, P = 0.34) and no difference in functional outcome as measured by the modified Rankin scale, examining mRS 0-2 vs. 3-6 or 0-3 vs. 4-6, even after excluding patients with poor baseline functional status. This is one of the first studies to, a priori, examine functional outcome, rather than simple mortality rates. The study population, overall, was very ill with a mean admission GCS of 6.8 in the IIT group and 6.9 in the conventional treatment group (P = 0.84). The outcomes at 90 days are similarly poor overall with severe disability or death occurring in 64% of patients in the IIT arm and 59% of patients in the conventional arm (P = 0.81). Since withdrawal of care was a major contributor to death in several cases and an analysis excluding these patients was not performed, it is conceivable that with a less ill population the effects of IIT might be different.
Second, as seen in other trials, there was a five-fold increase in moderate hypoglycemia (<60 mg/dl, P < 0.001), though no significant difference in severe hypoglycemia (<40 mg/dl). In general, a glucose control study is only as good as the glucose control protocol. In the Green study, arterial blood glucose samples were primarily used, though capillary finger sticks, which have been shown to be imprecise in critical illness [24, 25] , were allowed. Titration of the insulin infusion in the IIT group followed computer directed algorithm software provided by Glucommander (Glucotec Inc., Greenville, South Carolina). The conventional group received sliding scale subcutaneous insulin primarily, but could cross over to insulin infusion. Using this system, the mean average glucoses differed significantly between the two groups (112 mg/dl in the IIT arm and 143 mg/dl in the conventional arm, P < 0.001), however, the IIT group was more likely to have out of range glucose values. In fact, the glucose level was below range 8% of the time in the IIT group (compared to 1.3% in the conventional group) and above range 46% of the time (compared to 35% in the conventional group). While the mean average glucoses may differ significantly between groups, this may be due to outlying glucose measurements. Of greater interest would be the glucose burden over time, or the area under the curve, to assess how much time each group spent within a certain glucose range. Since the conventional group received blood glucose checks every 6 h (compared to every 1-2 h in the IIT group), it would be difficult to reconstruct a comparative glucose burden analysis. As with the GIST-UK study, the mean average glucose in the two groups differed by a small amount: only 31 mg/dl. This may represent a clinically insignificant glucose difference. Another critical factor in analyzing glucose control studies is to assess the feeding protocols in each arm. Since 87% of patients in this study received enteral feeds within 1 day of study enrollment, and none of the hypoglycemic episodes recorded occurred while a patient was NPO, the authors successfully eliminated this confounder from their study.
Also in this month's issue of Neurocritical Care, Graffagnino et al. publish the results of a retrospective review of an intensive insulin therapy protocol targeted to a blood glucose of 80-120 mg/dl compared to historical controls targeted to <150 mg/dl in a critically ill population treated in neuro-ICU setting [26] . Though demographically the tight and loose insulin control groups appear similar, only a quarter of the patients had an admitting diagnosis of ICH, SAH, TBI, or ischemic stroke in each group. The remaining *75% of patients had primary admitting diagnoses of ''Other'' and it remains unclear what population was primarily studied in this paper. Glucose control in either group could be achieved with insulin infusion or adjusted multidosing. Though the two groups had significantly differed median glucose values (126 vs. 137 mg/dl), this difference is clinically insignificant and there was no difference in the mean of means, nor the mean of medians. What is interesting about this paper is the increased hypoglycemia (4.6% of tight control group and 2.3% in loose control group <40 mg/dl) and increased mortality (11% in tight control group vs. 7.9% in loose control group; P = 0.0013) observed during the epoch when tight glucose control was targeted. Indeed, irrespective of insulin protocol, the odds of dying increased incrementally with more severe hypoglycemia on univariate analysis. This effect remained after controlling for admitting diagnoses, which varied significantly between the time epochs. Since admission metrics of neurological and critical illness (i.e., GCS, APACHE scores, etc.) were not accounted for, it is impossible to assign a causal relationship between hypoglycemia and increased mortality without a multivariate analysis. Interestingly, the authors found that hyperglycemia was more common in the tight control group and was also associated with increased mortality. It is conceivable that the increased mortality during the tight control epoch was due, in part, to hyperglycemia or even fluctuations in glucose levels. Perhaps the most important feature of this study is that it provides a real life example of the potential pitfalls of instituting a tight glucose control protocol. To wit: the best intentioned glucose control algorithms can lead to increased hypoglycemia without a clinically significant difference in hyperglycemia rates.
The balancing act of mitigating the negative effects of hyperglycemia, while not incurring additional injury due to hypoglycemia, has been a challenge encountered in several other studies. The most concerning criticism of the Leuven trials [7, 8] has been the shocking rate of hypoglycemia <40 mg/dl, which occurred in 18.7% of intensive insulin treated patients (25% of those staying >3 days in the ICU) and 3.1% of conventionally treated patients in the MICU study. Unacceptable rates of hypoglycemia led to the early termination of both the VISEP [27] and Glucontrol [28] studies. The VISEP study [27] found severe hypoglycemia in 17% in the intensive insulin group versus 4% in the conventional group. Despite such rates of hypoglycemia, no difference in mortality or organ failure rates were found at 28 days. Similarly, the Glucontrol study [28] , which found an 8.7% rate of hypoglycemia <60 mg/dl in the intensive insulin group compared to 2.7% in the conventional group (P < 0.0001), found no difference in mortality. Since both VISEP and Glucontrol were prematurely terminated, it is not surprising that both were underpowered to detect a difference between intensive versus conventional glucose control. Additionally, as none of these studies examined cognitive outcomes, it is difficult to know the real impact of iatrogenic hypoglycemia on neurological outcome. Indeed, none of the studies even differentiate iatrogenic hypoglycemia from symptomatic hypoglycemia due to sepsis, renal, or liver failure, which may auger a worse outcome.
Overall, though the Green et al. study [21] was well designed and executed, we still await a definitive fully powered study of critically ill neurological patients. Aside from mortality and modified Rankin outcomes, a study which also examines cognitive outcome would add a great deal to our understanding of the effects of both hyper-and hypoglycemia. While very high glucose levels seem imprudent, and levels of hypoglycemia that lead to short term neurologic compromise are also inadvisable, the sweet spot for targeted glucose control in critically ill neurological patients remains elusive. For now, the AHA guidelines, which suggest initiation of glycemic control for glucose values >140 mg/dl (Class IIa, Level C), seem reasonable [29] . The best method of achieving this goal (i.e., sliding scale insulin or insulin infusion) remains unclear, but must take into account cost, labor and patient comfort. In the future, closed loop methods of continuous blood glucose measurement followed by insulin delivery may allow for effective control of hyperglycemia with minimal risk of hypoglycemia. Only when optimal methods of controlling glucose without inducing hypoglycemia are available, can we proceed with the necessary large randomized controlled trials to assess the effects of adequate glucose control on outcome. 
